SYNOPSIS The pathological features of 67 cases of medullary carcinoma of the thyroid were studied, and when possible the case histories were reviewed.
Thyroid carcinomas have for many years been generally classified into a differentiated group of papillary and follicular carcinomas and an anaplastic group. Various authors have noted that there is a small group of tumours which may appear histologically undifferentiated but which have a much better prognosis than the typical anaplastic thyroid carcinoma.
Horn described a small series of these cases in 1951, and Laskowski in 1957 proposed the name 'carcinoma thyroideum hyalinicum' for this type of tumour. Hazard, Hawk, and Crile, in 1959, clearly defined the major histological features of this tumour in a study of 21 cases and recognized the diagnostic importance of the regular occurrence of amyloid in the stroma. They also commented on the relatively good prognosis and suggested the name 'medullary carcinoma of the thyroid'. Since their description, this type of tumour has been classified as a separate type in the major studies of thyroid carcinoma, and Woolner, Beahrs, Black, McConahey, and Keating (1961) found 57 examples in a survey of LPresent address: The Department of Pathology, Postgraduate Medical School, Hammersmith Hospital, London. Received for publication 29 September 1965. 885 cases of thyroid carcinoma. These authors referred to the tumour as 'solid carcinoma with amyloid stroma' rather than medullary carcinoma. Because of the prognostic importance of recognizing this type of tumour histologically and because a number of cases with unusual associated diseases came to our attention, we decided to analyse the histological features of a large series of medullary carcinoma of the thyroid and study the available clinical records and follow-up.
Sixty-seven examples of medullary carcinoma of the thyroid were studied histologically. Twenty-two were from the London Hospital; the rest were obtained from the files of four other London hospitals and from a number of individual pathologists who kindly sent in material. A major criterion for the inclusion of a case within the series was the presence of amyloid in the stroma of the tumour. In the great majority of cases amyloid was identified by at least two of the three generally used histological techniques for this substance, methyl violet, congo red, and thioflavin T. In two cases thioflavin T alone gave a positive result. In four cases only sections stained with haemalum and eosin were available; in these amyloid was identified by its amorphous eosinophilic appearance and by the development of anomalous colours when the sections were viewed between crossed polaroids (Brewer, 1964) . This technique was also used with the Congo-Red stained sections (Ladewig, 1945) .
PATHOLOGICAL FINDINGS
The typical medullary carcinoma of the thyroid is a firm, rounded tumour up to 8 cm. in diameter, lying within the substance of the thyroid lobe. On cross section the tumour is grey-white, often gritty, and is usually sharply demarcated from the adjacent normal thyroid. A few cases were described as encapsulated, and in some an ill-defined lobulation was seen.
Microscopically the tumour is made up of sheets and nests of regular eosinophilic granular cells, separated by a fibrous stroma containing irregular masses of amyloid ( Fig. 1) . Some of the specific features will now be considered in more detail.
CYTOLOGY
The typical cell has an ill-defined cytoplasmic membrane and plentiful finely granular eosinophilic cytoplasm (Fig. 2) In well-fixed tissue the commonest appearance was of closely packed polygonal cells. In poorly-fixed tissue, cell shrinkage occasionally led to separation with a single layer of cells remaining attached to the connective tissue trabeculae giving a pseudopapillary appearance (Fig. 4) . A second cell type was seen in just over half the tumours; these cells were elongated, with oval, often hyperchromatic nuclei (Fig. 5) , sometimes showing a whorled pattern and sometimes the streaming pattern described in oat-cell carcinomas (Fig. 6 ). Although intermediate cell types between these spindle-shaped cells and the typical polygonal cell were not uncommon, the two types usually occurred in distinct areas within any one tumour. In 14 cases the spindle cell pattern was the dominant one. Within the islands of spindle cell tumour small clear vacuoles were frequently seen; in some cases these appeared to be the result of vacuolation within the cytoplasm of macrophages (Fig. 7) .
While in most tumours the polygonal cells were arranged in irregular sheets or broad trabeculae with no definite pattern, in some regular cellular arrangements were present. In four cases well-marked palisading of the peripheral cells of the tumour clumps was seen (Fig. 8) ; in other instances a tendency for the nuclei of the peripheral cells to lie towards the inner side of the cell was noted. The type of nuclear palisading seen in neurilemmomas which has previously been described in this tumour (Russell, Ibanez, Clark, and White, 1963) (Fig. 9) ; these tubules occasionally contained a little basophilic mucin. In some of these cases a luminal brush border was seen. No colloid secretion was noted and no true papillary structures were present. In three cases tumour cells with intracytoplasmic basophilic mucin were seen, resembling goblet cells (Fig. 10) . While true tubular structures were uncommon, structures resembling rosettes were occasionally seen; these consisted of elongated cells orientated around a small central area of amyloid. Areas of necrosis in the tumour were extremely unusual, extensive necrosis being found in only one case. Focal calcification, however, was quite common, being found in more than half the cases (Fig.  11) ; extensive calcification was present in seven tumours. Many of the calcified deposits were small and rounded and resembled psammoma bodies except that they did not show the same regularity of lamination. Occasionally calcification definitely within amyloid was observed, and the rounded bodies were thought to represent calcification in small deposits of amyloid. Cystic areas in the tumour were extremely uncommon, being seen only twice.
The stroma of the tumour was variable, in some cases forming thin connective tissue bands between tumour cell groups but in most cases consisting of dense relatively acellular collagen.
The properties of the tumour cells were investigated by a number of techniques other than haemalum and eosin. Periodic-acid-Schiff technique showed positive material in small amounts in tumour cytoplasm, and plentiful small granules in the clear macrophage-like cells. pattern. Scattered small deposits were not uncommon in the stroma and were seen in the adventitia of small vessels within and immediately adjacent to areas of tumour. Amyloid in small amounts, remote from the tumour, was found in two cases with longstanding widespread secondary carcinoma. The major site of deposition was the renal glomeruli. This will be the subject of a further report.
A foreign body giant cell reaction to the amyloid deposits was noted in a few tumours (Fig. 14) ; in some instances it was difficult to be certain whether multinucleated giant cells associated with amyloid were of macrophage or tumour origin. In three cases round concentrically laminated masses of amyloid were present in the stroma. These showed a maltese cross pattern of birefringence when viewed between crossed polaroids.
SPREAD OF THE TUMOUR
In nine cases the tumour was sharply demarcated from the surrounding thyroid tissue by a complete or partial fibrous capsule (Fig. 15) . In the majority of tumours the adjacent thyroid parenchyma was irregularly engulfed by advancing tumour, and scattered colloid containing non-neoplastic thyroid follicles was often seen completely surrounded by tumour cells in the outer third of the carcinoma (Fig. 16) . Small interstitial groups of tumour cells separated from the main mass were uncommon; lymphatic permeation was seen in a few cases. The major early site of metastasis was undoubtedly the cervical lymph nodes. In many cases the initial complaint of a lump in the neck was due to lymph node enlargement; in several cases the thyroid tumour was not resected until several years after the removal of tumour-containing lymph nodes from the neck. Three at least of these tumours had originally been diagnosed as carotid body tumours on histological grounds. Cervical lymph node involvement was present at the time of diagnosis of thyroid The sex incidence, female to male, was 1-3 to 10. The age of the patients at presentation to hospital with a symptom, usually swelling of the neck, referable to the thyroid carcinoma varied widely. The youngest was 10 when he was first seen and the oldest 79 with a fairly uniform incidence over the adult decades (Fig. 17) . In four patients the thyroid enlargement was first noted before the age of 20, and six patients gave a history of five or more years of thyroid swelling before they attended hospital. The usual course of treatment adopted was subtotal thyroidectomy with removal of affected nodes. In some cases radiotherapy was used following operation and sometimes following the diagnosis of anaplastic carcinoma. It The survival of these cases is often extremely long (Fig. 18) . Eleven patients were known to have died of their disease, with a mean survival of 6-2 years from the first symptom (range nine months to 21 years) and a mean of 4-1 years from the time of presentation to hospital (range three months to 17 years). Twenty-two patients who died of unrelated causes or who were alive when last seen were followed up for periods of one year or more. This group showed a mean survival from onset of symptoms of 11-2 years (range one to 35 years) and a mean of 7-5 years from time of presentation to hospital (range 1 to 21 years). A total of 15 patients survived for five or more years from presentation while there were eight deaths in less than four years.
DISCUSSION
In this study we have confirmed and extended the pathological description of medullary carcinoma of the thyroid given by Hazard et al. (1959) . These authors have stressed the major features of this tumour: the solid sheets and islands of cells with deposition of amyloid. In addition to these points we have laid emphasis on the cytological details, the frequent occurrence of binucleate cells and the frequent finding of focal calcification, which in most instances was probably calcification within amyloid. A comparison of our findings with those of the major American series is given in Table II Albores-Saavedra, Rose, Ibanez, Russell, Grey, and Dmochowski (1964) have investigated the amyloid in this type of tumour, and conclude that it is formed by the tumour cells themselves. We agree with their observations that amyloid may occasionally be seen within tumour cell cytoplasm, but we were unable to find the myeloma-like renal tubular casts they described in any of our necropsied cases. It has been suggested by Vassar and Culling (1961) that the amyloid in these tumours is an altered thyroglobulin secreted into the stroma. It is difficult to understand, if this were true, why amyloid is not seen commonly in association with colloid forming follicular and papillary carcinomas. We do not believe that there is any convincing evidence that the amyloid is related to thyroglobulin; these tumours in our experience do not make thyroglobulin and show no evidence of the ability to bind radio-iodine. Other tumours are known on occasion to show amyloid deposition in their stroma, and there seems no need to invoke an explanation involving thyroglobulin. It does seem, however, that the amyloid is in all probability manufactured by the tumour cells, or alternatively that the cells may secrete a factor leading to the formation of amyloid from a circulating glyco-protein. It is likely that the amyloid or amyloid-precipitating factor diffuses outwards locally; certainly vessels within and immediately adjacent to tumour deposits commonly show amyloid in their adventitia.
While the basic pattern of a solid cellular tumour, with the cells arranged in sheets or packets, and with group.bmj.com on June 20, 2017 -Published by http://jcp.bmj.com/ Downloaded from amyloid in the stroma, was common to all the tumours we studied, a number of histological features, beside the amyloid content, showed considerable variation. It is of practical importance to determine whether any of the variables correlate with the great variation in prognosis shown by this tumour. Unfortunately the follow up of many of the earlier cases was very poor, but it was possible to make a comparison between seven patients who died from carcinomatosis within four years of diagnosis, and eight patients who were known to have survived at least 10 years from diagnosis. The conclusions from this remain tentative until we can obtain follow-up data on a considerably larger series. The various histological patterns of these tumours were scored on a four-point scale without knowledge of the survival of the case. No good correlation was found between the amount of amyloid and survival, or between either the frequency of binucleate cells or the degree of nuclear variation and survival. The amount of collagenous stroma was also without significance. Mitotic activity was noted in six of seven short-lived patients, and was absent in all but one of the long-survival patients. Calcification was present in only two of the seven short-term group but was found in all but one of the long-term group. Necrosis was noted in four of the seven short-term survivors, but was not found in any of the long-term survivors. Finally the spindle cell pattern was associated with a relatively poor prognosis, forming the major component in four of the seven patients who died in less than four years, while being found in only one of the patients who lived for more than 10 years and then as the less common cell type. These findings are not surprising; multinucleate cells and nuclear variation seem to be of less prognostic significance in endocrine tumours as a group than in other types, while the presence or absence of mitoses would be expected to be of importance in any tumour. The calcification in these tumours mostly occurred in amyloid; its presence or absence is probably related to the age of the amyloid and thus to the general growth rate of the tumour, as is the presence of necrosis. The composite picture we would draw of one of these tumours with a poor prognosis is a tumour with a predominant spindle cell pattern, fairly frequent mitoses, small areas of necrosis, variable amounts of amyloid but no calcification. In contrast the medullary carcinoma with a good prognosis is composed of polygonal cells with abundant granular cytoplasm, possibly showing moderate nuclear pleomorphism and fairly frequent binucleate cells but without mitoses, with variable amounts of amyloid and focal calcification.
One feature that we have not discussed in relation to prognosis is the absence or presence of a capsule.
An intact capsule was seen in two cases, while in seven a fibrous capsule was present but was breached by tumour trabeculae. One of the tumours with an intact capsule was an incidental finding at necropsy; no secondary deposits were found; the other was removed from a patient of 25; our efforts to obtain a follow-up of more than one year have been without success.
We have not given any figure for the incidence of these tumours partly because a considerable proportion of our cases has been contributed from other hospitals, and partly because a number of our own cases had been mis-diagnosed in the past. Three of our cases were originally indexed as secondary carcinoma of the thyroid, and three as solid benign adenomas of the thyroid. Before we are able to give an accurate figure for the incidence of this tumour we feel we should review every example of tumour involvement of the thyroid in our files, whether indexed as benign or malignant, primary or secondary, and probably every cervical tumour mass reported as being a metastatic tumour from an unknown site, or as a carotid body tumour. If a cervical lymph node contained follicular or papillary carcinoma of the thyroid, then we feel confident that the great majority would be recognized, further surgery on the thyroid would follow, and the case would be included in our statistics as one of thyroid carcinoma. We know, however, that in a number of instances a mass of medullary carcinoma in the neck has been diagnosed as a carotid body tumour, while other examples have been called secondary carcinoma, primary unknown. One poorly fixed example in this series was originally diagnosed as plasmacytoma with massive amyloid deposition. These past difficulties underline the importance of being aware of this type of thyroid tumour, but they make it impossible for us to give an exact figure for the incidence of medullary carcinoma of the thyroid. However, our initial figures, taken only from those cases included in The London Hospital index as carcinoma of the thyroid, include 15 examples of medullary carcinoma out of a total of 135 thyroid carcinomas. Further study has revealed seven more examples of medullary carcinoma, but has also shown that a number of tumours we would now undoubtedly call carcinomas were termed papillary adenomas up to about 25 years ago. We think that medullary carcinoma may well form more than the
